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INFRARED SPECTROCHEMICAL GAS ANALYSIS AND APPARATUS USED FOR THE SAME 



(57) A method and apparatus for measuring the con- 
centration of a very small anrraunt of impurities in an 
object gas by an infrared spectroscopic analysis using a 
semiconductor laser In order to carry out the analysis 
with a high sensitivity and a high accuracy, an object gas 
is introduced into a sample cell (5) and the cell is evac- 
uated by a vacuum pump (16). An infrared beam of a 
wavelength in a region in which a high alssorption peak 
due to impurities appears is emitted from a semiconduc- 
tor laser (1) and passed through the sample cell (5) and 
a reference sample cell (8) in which impurities alone are 
sealed to measure a differential value absorption spec- 
trum. The impurities are identified by comparing the 
spectrum of the object gas with that of impurities alone 
and determining a plurality of absorption peaks concern- 
ing the impurities, and the quantity of the impurities is 
determined on the basis of the absorption intensity at the 
highest peak. VJhen impurity gas molecules form clus- 
ters in the object gas, the light of not less than 0.5 eV is 
applied to the clusters to dissociate the same, and the 
analysis of the gas is then carried out. This invention is 
suitably utilized, especially, for analyzing a very small 
amount of impurities in a semiconductor material gas. 
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Description 

Technicat Field 

The present invention relates to a method for ana- 
lyzing trace amounts of a component which is included 
in a gas to be measured by means of infrared spectro- 
scopic analysis employing a diode laser as the light 
source, and to a device which employs the method 
therein. 

Background Art 

Infrared spectroscopic analysis Is frequently used as 
a method for analyzing a gaseous test material. A simple 
explanation will now be made of the principle of infrared 
spectroscopic analysis. In polyatomic molecules, each 
molecule has its own vibration energy level correspond- 
ing to the bonds between the atoms which make up the 
molecules. For this reason, when the molecules are 
exposed to electromagnetic waves of a wavelength 
which hasaphoton energy equivatentto the valueof their 
vibration energy level, the molecules absorb the electro- 
magnetic waves as their own vibration energy. The 
amount of absorption, moreover, is proportionate to the 
alxindance of the molecules present. When this vibration 
energy level value is converted to photon energy, ordi- 
narily, it will correspond to wavelengths in the infrared 
region. 

Accordingly, in infrared spectroscopic analysis, light 
in the infrared region is pressed through the gas to be 
measured and the absorption spectrum is measured. 
Analysis is earned out by analyzing the absorption spec- 
trum. Identification within the gas to be measured of gas- 
eous molecules (impurity) targeted for measurement 
here can be made from the wavelength of the light 
absoibed. A quantitative determination of those mole- 
culies can then be made from the absort>ance. 

For example, in the semiconductor industry, various 
types of gases are used as the material for semiconduc- 
tors. In Very-Large-Scale-Integration manufacturing 
processes, impurities such as moisture, for example, are 
damaging if present in even extremely trace amounts in 
the semiconductor material gases. Accordingly, reducing 
and controlling impurities in the semiconductor material 
gas Is an important aspect of production control. 

The present applicants previously submitted a pat- 
ent application (Japanese Patent Application. Laid-Open 
No. Hei 5-99845) for an invention relating to a method 
for measuring the moisture in a gas using a tunable 
InGaAsP diode laser which oscillates in the region of 
wavelength 1 .3 to 1 .55 fun. 

The device for analysis of the moisture recorded in 
this publication is provided with a diode laser which oscil- 
lates in the region of wavelength from 1 .3 to 1 .55 ^m at 
room tenrperature; an measurement line which causes 
the laser light oscillated at room temperature from the 
diode laser to branch, guides it into a gas cell used for 
measurement, and then sends it on to a light detector for 



measurement use; a reference line which causes the 
aforementioned laser light to branch, guides it into a gas 
cell used for reference, and then sends it on to a light 
detector for reference use; and a power monitor line 

5 which causes the aforementioned laser light to branch 
and sends it on to a light detector which is used as a 
power monitor. The device is designed to employ as the 
aforementioned detectors, light detectors which are sen- 
sitive to light in the region of wavelength from 1 .3 to 1 .55 

to jwn at room temperature. 

In tiie method for measuring moisture using this 
device, the laser oscillating wavelength is scanned t^y 
means of varying the injection current to the diode laser, 
and the absorption spectrum is measured. For example, 

IS tiie absorption peak for H2Q which is in the region of 
wavelength of 1 .38 fim is selected, and the water vapor 
concentration in the gas is measured using the absorp- 
tion intensity and a calflDration curve made in advance. 
The application of this method, which permits easy in- 

20 situ measurement and is useful as a process monitor in 
the production control process, was anticipated for anal- 
ysis of semiconductor material gases. 

Examples of the absorption spectrum disclosed in 
the above publications are shown in Figures 22 and 23. 

25 Figure 22 is an absorption spectrum for the case where, 
the gas component is H2O only, while Figure 23 is the 
absorption spectrum for a test material containing H2O 
in nitrogen gas. The absorption intensity (peak height) 
obtained here is measured and tiie concentration of the 

30 moisture is ok)tained from the calibration curve (shown 
in Figure 24) which was made in advance. 

As shown in the graph, four absorption peaks origi- 
nated with H2Q are observed in Rgure 22. Further, in the 
nitrogen gas based test material in Rgure 23. one broad 

35 absorption band is observed, however, absorption in this 
wavelength region is not due to nitrogen gas. nor is it 
believed to be a product of reaction t)etween the nitrogen 
and tiie moisture. Accordingly, the broad absorption 
band in Figure 23 is believed to be tiie result of the over- 

40 lap of the four closely located individual peaks in Figure 
22, causing the formation of one absorption barxJ. 

In this way, if the method disclosed in the aforemen- 
tioned patent application 5-99845 is used without modi- 
fication to analyze impurities in semiconductor material 

45 gas, the sensitivity of detection is not very high even in 
the case where the absorption peaks arising from the 
impurity do not experience irrterference from neartjy 
peaks arising from tiie gas to be measured. 

Further, depending on the type of gas to be meas- 

50 ured and the type of impurity for which measurement is 
being attempted, absorption peaks originating from the 
semiconductor material gas may be present near the 
atssorption peaks originating from impurities such as 
moisture or the like. In this case, as a result of the over- 

55 lapping of nearby peaks, the accuracy of measurement 
becomes poor. For this reason, the above method is 
unsatisfactory for the analysis of a trace amounts of an 
impurity in a semiconductor material gas where a high 
degree of accuracy is demanded. 
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For ease of operation and in order to obtain absorp- 
tion of sufficient intensity by the target gas being meas- 
ured (that is. the impurity), measurements were carried 
out with the pressure of the gas to be measured at 
around one atmospheric pressure or more in the infrared 5 
spectroscopic analysis. This is also true for the method 
disclosed in patent application 5-99845. 

When the concentration of the target gas being 
measured (impurity) in the gas to be measured is high, 
no problems occurred pjarticularly even when measuring 
at these kinds of pressures. 

However, in infrared spectroscopic analysis, when 
the pressure of the gas to be measured is high, in general 
the width of the absorption peak lines arising from the 
impurity becomes broad. For this reason, when the con- 
centration of the impurity in the gas to be measured is 
low. the resolution of the absorption peaks decreases, 
and the accuracy of measurement becomes poor. 

The present invention was conceived to resolve the 
aforementioned problems, arxd has as its objective the 
provision of a device and method wherein a trace impu- 
rity concentration in a gas to bei measured can be ana- 
lyzed with high sensitivity and accuracy in an infrared 
spectroscopic analysis which employs a diode laser. 

Disclosure of the Invention 

The present invention's infrared spectroscopic anal- 
ysis method for gas attempts to resolve the aforemen- 
tioned problems by carrying analysis of the gas to be 
measured under low pressure state in a method for ana- 
lyzing the impurity in the gas to be measured by passing 
light from the infrared region through the gas to be meas- 
ured and measuring the intensity of absorption. By low- 
ering the pressure of the gas to be measured, it is 
possible to improve the resolution of the peaks of the 
absorption spectrum. 

The desirat^e pressure range for the gas to be 
measured may be varied according to the resolution 
demanded or the type of impurity which is the target of 
measurement. However, if the pressure is set in the 
range of 10 to 500 Jon, good sensitivity and accuracy 
can be ot>tained. 

In the method of the present invention, it is pref eratrfe 
to measure tiie absorption spectrum by scanning the 
wavelength of light which is to be passed through the gas 
to be measured. The wavelength range of the light to be 
swept is preferably selected within the range for which it 
is possible to obtain a strong absorption peak for the 
impurity. For example, the wavelength may be preferably 
selected to be in the range of 1 .19 to 2.00 ^m. 

In a method using an absorption spectrum to identify 
and determine the impurity in a gas to be measured, it 
is desirable to compare the absorption spectrum for the 
gas to be measured and an absorption spectrum meas- 
ured separately and obtained for the inpurity alone in 
order to identify the impurity by confirming the presence 
of a plurality of absorption peaks originating from the 
Impurity, and to then select from this plurality of peaks 



the strongest peak not experiencing interference from 
nearby peaks and to determine the impurity from the 
absorption intensity of this strongest peak. 

At this point, the absorption spectrum can be meas- 
ured by passing light through the gas to be measured, 
while an absorption spectrum may simultaneously be 
measured by passing light of the same wavelength 
through the impurity alone. 

Detection sensitivity can be improved if the deriva- 
tive absorption peak obtained by detecting the derivative 
of change in the absorption intensity is used as the afore- 
mentioned absorption peak. 

Further, identification can be earned out with accu- 
racy if the Impurity is identified from the relative intensi- 
ties of tiie plurality of absorption peaks. 

In the method of the present invention, when mole- 
cules of a gaseous impurity form clusters in the gas to 
be measured, it Is desirable to dissociate these clusters 
and then carry out the analysis, making it possible to sta- 
bilize and cary out an accurate analysts. 

Clusters can be dissociated by irradiating the gas to 
be measured with light having a photon energy of 0.5 eV 
or greater and then carrying out analysis. 

Further, when setting the photon flux density witfi 
respect to the gas to be measured of the aforementioned 
light having a photon energy of 0.5 eV or greater to Dp 
(photon numbery^ec'cm^). and the density of molecules 
in the gas to be measured to N. it is preferable tiiat 
Dp s N/2. 

Further, tiie infrared spectroscopic analysis device 
of the present invention is provided with a wavelength 
tunable diode laser th^ oscillates in the infrared region, 
a means for passing light osdilated from the laser 
through the gas to be measured, and a means for meas- 
uring the intensity of tiie laser light which has passed 
tfirough the gas to be measured, the device using infra- 
red spectroscopy to analyze the impurity in the gas to be 
measured, and being characterized by the provision of 
a means for lowering the pressure of the gas to be meas- 
ured. 

The absorption spectrum of the gas to be measured 
arxj the ak^orption spectrum for the impurity alone can 
be obtained simultaneously provided that the device is 
one equipped with a means for branching the light oscil- 
lated from the diode laser and passing one portion of the 
branched light through the gas to be measured while 
passing the other portion of tiie branched light through 
the impurity alone, a means for nrieasuring the absorp- 
tion spectrum of the light passed through the gas to be 
measured, and a means for measuring the absorption 
spertrum of the light which passed through tiie impurity 
alone. For tills reason, an accurate comparison of these 
absorption spectrums can be made. 

Further, if the device is one provided witii a means 
for measuring a derivative absorption spectrum by 
detecting the derivative change in absorption intensity, 
the derivative value absorption peak can be used in the 
measurement of ttie Inpurity. making it possit)le to 
Improve detection sensitivity. 
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Additionally, analysis of an impurity can be carried 
out quickly if the device is provided witfi a means wherein 
the absorption spectrum of light passed through the gas 
to be measured and the absorption spectrum of light 
passed through the impurity alone are compared, an 5 
absorption peak having an absorption wavelength that 
coincides with the ak^sorption peak of the absorption 
spectrum of the light passed through the gaseous impu- 
rity alone is recognized from among the absorption 
peaks of the absorption spectrum of the light passed 10 
through the gas to be measured; and the absorption 
intensity of this absorption peaks is detected. 

If a means for irradiating the gas to be measured 
with light having a photon energy of 0.5 eV or greater is 
provided, clusters can be dissociated and analysis then is 
carried out, even in the case where the clusters formed 
by the impurityJn the gas to.be measured cannot be dis- 
associated using the light source. 

Brief Description of the Rgures - - - - 20 

Rgure 1 is a structural diagram showing an emtxxi- 
iment of the infrared spectroscopic analysis device of the 
present invention. 

Figure 2 is an example of a derivative absorption 25 
spectrum originating from which was measured 
using the method of the present invention. 

Rgure 3 is a graph for explaining the displacement 
of the absorption peak wavelength as a result of the for- 
mation of clusters. 30 

Rgure 4 is a graph for explaining the non-iinearrty 
between the absorption peak intensity and the water 
concentration as a result of formation of dusters, 

Rgure 5 is a graph showing the dependence on 
pressure of the absorption spectrum associated with 3S 
H2O measured in an embodiment of the present inven- 
tion. 

Rgure 6 is a graph showing the dependence on 
pressure of the derivative absorption spectrum associ- 
ated with CO2 measured in an emkxxliment of the 40 
present invention. 

Rgure 7 shows an enlarged portion of the graph in 
Rgure 6. 

Rgure 8 shows an enlarged portion of the graph in 
Rgure 6. 45 

Rgure 9 shows an enlarged portion of the graph in 
Rgure 6. 

Rgure 1 0 shows an enlarged portion of the graph in 
Figure 6. 

Rgure 1 1 shows an enlarged portion of the graph in so 
Rgure 6. 

Rgure 1 2 shows an enlarged portion of the graph in 
Figure 6. 

Rgure 13 is a graph showing the dependence on 
pressure of the derivative at>sorption spectrum originat- ss 
ing from CKU measured in an embodiment of the present 
invention. 

Rgure 14 shows an enlarged portion of the graph in 
Figure 13. 



Rgure 15 shows an enlarged portion of the graph in 
Rgure 13. 

Rgure 16 is a derivative absorption spectrum for 
H2O/HCI measured In embodiment of the present inven- 
tion. 

Rgure 17 is a derivative absorption spectrum for 
CO2/HCI measured in an embodiment of the present 
invention. 

Rgure 18 is a derivative absorption spectrum for 
CO2/N2 measured in an embodiment of the present 
invention. 

Rgure 19 Is a derivative absorption spectrum for 
SiH4 measured in an embodiment of the present inven- 
tion. 

Rgure 20 is a graph showing the results from an 
embodiment of the present invention depicting the 
..change in the amount of shift of the absorption peak 
wavelength when the pressure of the sample gas and 
the in-adiated power of the diode laser are varied. 

Rgure 21 is a graph showing the results from an 
embodiment of the present invention depicting the rela- 
tionship between photon flux density of the irradiating 
light the density of the molecules in the sample gas, and 
shift in the absorption peak. 

Rgure 22 is an example of the absorption spectrum 
of moisture measured using a moisture content analysis 
method of the conventional art. 

Rgure 23 is an example of the absorption spectrum 
of nitrogen gas containing moisture measured using a 
moisture content analysis method of the conventional 
art. 

Rgure 24 is an example of the calibration curve 
showing the relationship between absorption peak inten- 
sity and concentration of the moisture content in a mois- 
ture content analysis method of the conventional art. 

Preferred Embodiments of the Present Invention 

TTie present inventors investigated various means 
for improving the resolution of absorption peaks in infra- 
red spectroscopic analysis. 

Rrst, pressure at time of measurement was studied; 
In general, when the pressure of the gas in infrared 
absorption is high, the absorption peak broadens due to 
the influence of molecular collision. The width of the peak 
becomes broad and resolution decreases. When the 
pressure of the gas is lowered, the intensity of absorption 
decreases. The width of the peak becomes narrow and 
resolution improves. Accordingly, in the present inven- 
tion, by carrying out infrared spectroscopic analysis with 
the gas under low pressure, it is possible to measure the 
impurity included in the gas with higher sensitivity and 
accuracy. 

Additionally, in contrast to the conventional art 
wherein measurement was carried out with the gas to be 
measured at around one atmospheric pressure or 
higher, the present inventbn improves the accuracy of 
measurement by reducing pressure. Accordingly, the low 
pressure state refen^ed to in the present invention indi- 
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cates a state wherein the total pressure of the gas to be 
measured is less than one atmospheric pressure. 

In general, if the pressure of the gas to be measured 
is large, namely in the range of 100 Tonr or more, the 
width of the absorption peak becomes broad. Accord- s 
ing!y, the height of the absorption peak becomes small. 
Thus, in the case where the amount of an impurity which 
is the target of measurement is trace, when the pressure 
is too large, the peak broadens and resolution 
decreases. On the other hand, when the pressure of the io 
gas to be measured is less than 100 Torr, the width of 
the absorption peaks becomes narrow accompanying 
thedeaease In pressure (the absorption peak becomes 
higher). This decrease in the width of the at>sorption 
peaks, howe\^er, is not without limits. In other words, the is 
width approaches a fixed value unrelated to the pres- 
sure, that is to say, tiie Doppler limit, based on the Dop- 
pier effect. Accordingly, if pressure is reduced too low, 
the decrease in the width of the absorption peak 
becomes dulled, and its height becomes low. As a result, 20 
the sensitivity of detection decreases. 

Accordingly, it was realized that, when measuring 
trace quantities of an impurity included in a gas to be 
measured, rf the total pressure of thegas to be measured 
is set within the range of 10 to 500 Torr, good measure- 2S 
ment sensitivity and measurement accuracy can be 
obtained. The preferred degree of pressure reduction 
can be set according to the type of impurity present and 
the level of resolution required. 

Further, when the impurity is present in trace 30 
amounts, the amount of light absorbed by the impurity is 
small with respect to the amount of light inctdented on 
the gas to be measured, so that the signal-to-noise ratio 
becomes very small. By using the rate of change in the 
amount of absorption, that is by detecting the derivative 35 
value for the change in absorption intensity and using 
the derivative absorption peak, the sensitivity of meas- 
urement can be improved. In this case, the preferred 
level of pressure reduction can similarly be set to 10 to 
500 Torr. ^0 

Namely, In order to obtain a derivative absorption 
spectrum, a frequency modulation method which injects 
cunrent i^^^ Iq a-sin(<Dt) to the diode laser, that is, the 
AC component a- si n( cot) coupled with the DC compo- 
nent Io, can be used. Because, at this point, the width of 45 
the derivative absorption peak is broad with increasing 
the pressure of the gas to be measured, modulation 
amplitude "a" becomes large in response to this. Noise 
also becomes large accompanying this. An upper limit 
for the optimum pressure when conducting measure- so 
ments is determined for this reason. However, when the 
pressure of the gas to be measure is lowered, reaching 
the Doppler limit region, the height of tiie derivative 
absorption peak becomes low, and detection sensitivity 
decreases. For this reason, an optimal lower pressure ss 
limit for measurement is determined. 

Investigations were next made of tiie range of wave- 
lengths to be measured. In the present invention, the 
accuracy off analysis can be improved by selecting a 



wavelength range wherein absorption peaks from the 
impurity (target gas of measurement) can be obtained 
and where a strong peak can be obtained. 

Of the impurities in a semiconductor material gas, 
H2O molecules have the largest effect For this reason, 
the following examples will begin by illustrating the case 
where H2O molecules are the impurity targeted for 
measurement. H2O molecules display very many 
absorption peaks over a wide wavelength region. In par- 
ticular, it is preferable to select the wavelength region to 
be in the range of 1 .35 to 1 .42 \im virhere the absorption 
aoss section from H2O molecules is at least one order 
of magnitude larger tiian that of other near-infrared 
regions 

Effective wavelength regions for detecting other gas- 
eous impurities which are the target of measurement are 
as follows: 



carbon dioxide (CO2) 


1.43 


to 1.46 


fim 


hydrogen fluoride (HF) 


1.25 


to 1.35 


\im 


methane (CH4) 


1.29 


to 1.50 


fim 


mono-silane (SihU) 


1.19 


to 2.00 


^m 


hydrogen bromine (HBr) 


1.34 


to 1.37 


|jim 


hydroxyl group (-OH) 


1.40 


to 1.45 





Further, in the present invention, the identification of 
the impurity in the gas tp be measured from the obtained 
absorption spectrum may be carried out by measuring 
the absorption spectrum for the impurity alone in a sep- 
arate process and confirming the plurality of absorption 
peaks originating from the impurity. As a result, it is pos- 
sible to can-y out an accurate klentification. 

When the identification is being carried out in this 
way, if the relative intensities of the plurality of peaks is 
employed, it is possible to identify the impurity with 
surety. Thus, it is possible to improve measurement sen- 
sitivity and measurement accuracy. 

The determination of tiie kientified impurity may be 
carried out by selecting the strongest peak not experi- 
encing interference from neartsy peaks from among the 
plurality of absorption peaks used in the identification, 
and carrying out d^ermi nation of the impurity from the 
intensity of absorption of this strongest peak. In this man- 
ner, it is possible to can^y out an accurate measurement. 

Further, the measurement of the at>sorption inten- 
sity may be carried out by using not only the spectrum 
for tiie amount of absorption, but also the rate of change 
in the amount of absorption; tiiat is. the derivative 
absorption spectrum of tiie change in absorption inten- 
sity, it is posstole to improve measurement sensitivity. In 
order to obtain the derivative absorption spectrum, tiie 
aforementioned frequency modulation method can be 
employed. 
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In this way. by carrying out measurement by select- 
ing optimal low pressure state and wavelength range 
with respect to the Impurity, the accuracy of the meas- 
urement can be improved. However, realizing that wave- 
length at which an absorption peak is obtained can shift. 5 
and the peak's absorption intensity can vary depending 
on the type of gas to be measured in which the Impurity 
is contained and on the light intensity of the laser at time 
of measurement the present inventors carried out fur- 
ther investigations. 

Rgure 2 is a graph showing an example of the 
results of infrared spectroscopic analysis of a gas under 
low pressure (100 Torr), the hydrogen chloride (HCI) gas 
including moisture In the amount of 70 ppm. The graph 
is a derivative absorption spectrum of the change in 
absorption intensity. Additionally, infrared spectroscopic 
. analysis of H2O under a pressure of 20 Torr was simul- 
taneously candied out in the same way. 

In Figure 2, oscillation wavelength is noted on the 
horizontal axis-while the derivative of the change in 
absorption intensity is noted on the vertical axis. Further, 
in order to avoid overlap between the spectrum for the 
moisture conponent alone (indicated in the figure by the 
thin line) and the spectrum lor the sample gas (indicated 
in the figure by the thick line), the base line of the sample 
gas spectrum was raised by one scale unit. 

As can be observed in the figure, there Is good coin- 
cidence of absorption intensity (amount of absorption) of 
four absorption peaks between the spectrum of the mois- 
ture alone and the sample gas spectrum where in the 
moisture is contained in hydrogen chloride. Further- 
more, there Is good coincidence of the position (wave- 
length) of four sharp absorption peaks between the 
spectrum for the moisture alone and the sample gas 
spectrum where the moisture is contained in hydrogen 
chloride. 

However, when absorption peaks near wavelength 
1.38075 fim obtained in Figure 2 are examined more 
closely, for example, it can be understood that this 
absorption peak position (wavelength) shifts according 
to the measurement conditions, as Is shown in Figure 3. 

In Figure 3, A indicates the case where H2P in nitro- 
gen (N2) is measured at a laser light power of 0.7 mW; 
B Indicates the case where H2O in hydrogen chlorkie 
(HCI) is measured at a laser light power of 2.05 mW; and 
C indicates the case where H2O in hydrogen chloride 
(HCI) is measured at a laser light power of 0.7 mVV. Addi- 
tionally, the pressure of the gas to be measured in all 
cases was 100 Torr. 

Further, in Figure 3. the broken line indicates the 
standard position of the H2Q peak obtained using a ref- 
erence cell. 

As shown here, in the case indicated by B wherein 
the H2O in HCI gas was measured using high power laser 
light, the absorption peak wavelength coincides with the 
standard position. In contrast, in the case of C where 
measurement was conducted using low power laser 
light, a shift toward the red occurs away from the stand- 
ard position. 



Furthermore, despite the fact that in the case of A, 
the H2O In N2 was measured using a low power laser 
light In the same way performed in C, the absorption peak 
wavelength coincided with the standard position. 

Figure 4 shows the relationship between the con- 
centration of H2O in HCI and absorption intensity. The 
solid line Indicates measurement at a laser light power 
of 2.05 mW. while the broken line indicates measurement 
at a laser light power of 0.7 mW. As shown here, when 
the laser light power is 2.05 mW, a good linear relation- 
ship is displayed between H2O concentration and 
absorption intensity, and the graph obtained can be used 
as a calibration cun/e. However, when the laser light 
power is set to the small value of 0.7 mW, the deviation 
from a straight line t)ecomes larger as the concentration 
of H2O Increases. Accordingly, the graph obtained can- 
not be used as a calibration curve. 

In this way. then, if the laser light power at the time 
of measurement is not appropriate, the absorption peak 
wavelength experiences a shift-away from the standard 
position. Accordingly, when absorption peaks from other 
components lie near the shifted absorption peak wave- 
length, it becomes difficult to make a qualitative identifi- 
cation. Further, because the absorption peak 
wavelength shifts while at the same time quantity of 
absorption changes, an accurate calibration curve can- 
not be obtained, making it Impossible to make an accu- 
rate determination. 

As a result of ext^sive research on the cause of 
absorption peak wavelength shifts such as shown in Fig- 
ure 3 and the non-linearity phenomenon such as shown 
In Figure 4. the present inventors realized that the cause 
lay in the formation of clusters by the molecules of impu- 
rity in the gas to be measured. 

In other words, there are many molecules such as 
water (H2O). hydrogen chloride (HCI) and amnrwnia 
(NH3) which are strongly polar. For example, in HCi, both 
the positively charged hydrogen atoms and the nega- 
tively charged chlorine atoms have electrifications ard 
are strongly polar. It Is known that the molecules of this 
type of strongly polar gas form bonds as a result of Cou- 
lonrib force with each other and, of course, with non-polar 
molecules, giving rise to the formation of clusters con- 
sisting of a plurality of molecules. 

Namely, in C of Rgure 3. the HCI which is the gas to 
be measured and the H2O which is the impurity are bolh 
strongly polar molecules. The HCI and H2O molecules 
are believed to form clusters by borxiing together. In con- 
trast, in A in Rgure 3. the nitrogen which is the gas to be 
measured is a non-polar molecule. In this case, even if 
the impurity is the strongly polar molecule H2O. because 
it is present In a trace amount, the H2O molecules are 
not believed to form clusters with N2 in the N2 gas. 

In conventional gas spectral analysis methods, little 
attention was given to the formation of clusters such as 
described above. When the present inventors carried out 
spectral aneUysis of a gas in which dusters had formed, 
it was discovered that the absorption peak wavelength 
shifted from the standard position and the at>sorption 
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Intensity changed depending on the measurement con- 
ditions. 

Accordingly, the present invention was designed to 
enable the carrying out of an accurate analysis by disso- 
ciating clusters formed by the molecules of an impurity s 
in the gas to be measured, and then can^ying out spectral 
analysis. 

As a method of dissodating clusters, there is the 
method of irradiating with a light energy which is greater 
than the energy for cluster formation. More concretely, 
the energy for cluster formation is less than 0.5 eV. 
Accordingly, by irradiating the gas to be measured with 
a photon energy that Is 0.5 eV or greater, a state wherein 
the clusters are dissociated can be obtained. 

The wavelength of light having a photon energy of 
0.5 eV is 2.48 fim. Accordingly, when light of wavelength 
2.48 \im or less is used in spectral analysis, it is possible 
for the inadiation light for spectral analysis to also serve 
as the irradiation light for cluster dissociation. However, 
when the wavelength of the irradiation light used for 
spectral analysis is longer than 2.48 fun, light of wave- 
length of 2.48 |im or less may be used additionally to 
accomplish cluster dissociation. 

Further, the efficiency of cluster dissociation using 
irradiation by light having a photon energy of 0.5 eV or 
greater varies accordingly to the pressure of the gas to 
be measured and power of the irradiation light. For exam- 
ple, when the pressure of the gas to be measured is 
large, the efficiency becomes poor and it is necessary to 
increase the power of the irradiation light. If the power of 
the irradiation light is made high, the degree of cluster 
dissociation becomes large. In the present invention, 
however, dissociation of clusters may be carried out to 
the extent that there is no hindrance presented to the 
process of spectral analysis. In order to do this, when Dp 
(photon number^ecx:m?) is the photon flux density with 
respect to the gas to be measured of the light with a pho- 
ton energy of 0.5 eV or greater, and when N (molecules) 
is the density of gas molecules in the gas to be meas- 
ured, it is desirable that Dp and N satisfy the equation 
Dp a N/2. 

In-adiating photon energy in this way is an effective 
method to use when molecules of the impurity in the gas 
to be measured form clusters. While it is not necessary 
to use this type of tight energy irradiation when it is clear 
that the molecules of the impurity do not form clusters 
because of the composition of the gas to be measured, 
etc.. use of this technique in any case will not present a 
problem. 

In the present invention the type of gas to be meas- 
ured is not particularly limited, but rather appropriately 
used are various gases such as genera) gases like nitro- 
gen, oxygen, argon, helium. cart)on dioxide and the like, 
or semiconductor material gases such as silane. phos- 
phine. arsine, trichlorosilane, hydrogen chloride or orga- 
nometallic compounds. 

Moreover, provided that the impurity that is the target 
gas to be measured in the present invention Is a sub- 
stance on which infrared spectroscopic analysis can be 



performed, then the present invention can be appropri- 
ately applied to the analysis of inorganic compounds 
such as water, carbon dioxide, carbon monoxide, hydro- 
gen fluoride, hydrogen chloride, hydrogen bromide, 
hydrogen iodide, mono-sriane (SiH4). and many such 
organic compounds as methane. 

Embodiments 

Preferred embodiments of the present invention fol- 
low below. The present invention, however, is not limited 
to these embodiments but rather may be applied to the 
analysis of a variety of gases. 

Rgure 1 Is a schematic structural diagram showing 
an embodiment of the Infrared spectroscopic analysis 
device of the present invention. 

In this device, light from diode laser 1, the light 
source, is collimated at lens system 2, urKlergoes chop- 
ping at chopper 3, passes through half mirror 4 and is 
divided into two sets of light rays. One set of light rays 
passes through sample cell 5. is focused by focusing lens 
6 and enters into photo-detection device 7. The other set 
of light rays passes through referefice cell 8, is focused 
by lens 9 and enters into photo-detection device 1 0. The 
target substance to be measured is inside reference cell 
8 under reduced pressure. The light which is in detection 
devices 7 and 10 is converted to an electric signal and 
sent to phase-sensitive amplifiers 11 and 12, respec- 
tively. At phase-sensitive amplifiers 1 1 and 12, a signal 
in synchronization with the modulation signal sent from 
chopper 3 is amplified, enters calculator 13. and is proc- 
essed as measurement data. The current of diode laser 
1 at time of measurement is supplied by current driver 
14. The temperature of the Peltier device in diode laser 
1 is controlled by temperature controller 15. 

In order to control tiie pressure in sample cell 5 so 
that it is at a set value below one atinospheric pressure, 
a flow control unit 18 is provided to the entrance of cell 
5 and a pressure control unit 17 and an exhaust pump 
16 are provided to tiie exit of cell 5. 

When measurement is carried out, exhaust pump 16 
operates at a f ixed pumping speed. The necessary pres- 
sure is pre-set at pressure control unit 1 7. The difference 
between tiie measured pressure signal and the set pres- 
sure signal is fed back to ftow corrtrol unit 18, and the 
fbw of the gas entering cell 5 is controlled. Because of 
this design, the pressure In cell 5 can be maintained at 
a constant value as the gas which is to be measured 
flows into the cell. 

The oscillation wavelength of diode laser 1 can be 
varied by changing the temperature off the Peltier device 
or the injection current. 

Regarding the mechanism for reducing tiie pressure 
of the gas to be measured, in addition to the above 
described metiiod of controlling the gas flow at the sam- 
ple cell entrance which introduces tiie gas to be meas- 
ured, a method may also be applied wherein the amount 
of exhaust is controlled by setting flow at the sample cell 
entrance to a fixed value. 
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Further, when the wavelength of the light used in 
spectral analysis is longer than 2.48 jutm and light irradi- 
ation for dissociating the clusters in the gas to be meas- 
ured is needed in addition to the light irradiating from the 
light source, a light irradiation device 20 may be pro- 
vided. Light irradiation device 20 is provided to the out- 
side of sample cell 5 and, as a result, light having a 
photon energy of 0.5 eV or more irradiates the entire 
sample cell 5. The type of device employed as light irra- 
diation device 20 is optional provided that it can irradiate 
light having a photon energy of 0.5 eV or more, namely 
light of wavelength 2.48 \im or less. For exannple, a flu- 
orescent lamp which irradiates visible light rays may be 
used. 

Using a device having the above described con- 
struction, the absorption spectrum of the gas to be meas- 
ured and the absorption spectrum of the impurity alone 
can be simultaneously obtained by scanning the wave- 
length of the light oscillated from diode laser 1 . 
- Further, if a frequency modulation method wherein - 
the current signal which is input from current driver 1 4 to 
diode laser 1 is set to i= lQ+a-sin(<ot) wherein the AC 
component a-sin(a>t) is added to the DC component lo. 
the derivative absorption spectrum can be obtained. 

Chopper 3 is used for DC amplification. When meas- 
uring the absorption spectrum by injecting the current 
signal of the DC component only to diode laser 1 . mod- 
ulation of the laser light is carried out at chopper 3 in 
order to reduce noise. However, when measuring the 
derivative absorption spectrum by injecting to diode laser 
1 a current signal wherein the AC component has been 
added to the DC component, chopper 3 is not used. 

Furthemiore. the process of measuring data at cal- 
culator 13 may be canied out by first comparing the 
absorption spectrum which has passed through the gas 
to be measured and the absorption spectrum which has 
passed through the gaseous impurity alone. The absorp- 
tion peak whose absorption wavelength coincides with 
the absorption peak in the absorption spectrum obtained 
from the gaseous inpurity only can be recognized from 
among the absorption peaks in the absorption spectrum 
from the gas to be measured. Programming may be done 
in advance so that the absorption intensity of this absorp- 
tion peak is detected and a numerical value is displayed, 
if this is done, then, it becomes possit>le to speed up 
measurement. 

An infrared spectroscopic analysis device such as 
this can be used by directly connecting the sample cell 
to a pipe arrangement in the production process for sem- 
iconductors or the like, and is ideally suited for can^ying 
out the in-situ measurements conveniently during the 
process. 

(Embodiment 1) 

The dependence on pressure of the absorption 
spectrum associated with H2P was investigated. The 
device shown in Rgure 1 was employed to measure the 
at)sorption spectrum for the sample gas N2 which 
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included a trace moisture content. Further, because the 
goal was to investigate the effects of pressure on the 
absorption spectrum, the oscillation wavelength of the 
diode laser was scanned at around 1.380 ^m, at which 

5 it is possible to obtain peaks associated with H2O having 
a comparatively large absorption intensity. Moreover, the 
oscillation wavelength of the diode laser was varied by 
varying the injection current. 

Rgure 5 shows absorption spectrums obtained by 

10 measurements conducted with the sample gas of 100 
ppm H^/N2 flowing when the pressure inside the sam- 
ple cell was 10, 30. 50. 100. 300. and 500 Tonr respec- 
tively. Wavelength is noted along the horizontal axis, 
while optical depth, which is equivalent to the absorption 

IS intensity, is noted along the vertical axis in this graph. As 
shown in Rgure 5, when the pressure in the sample cell 
is increased to 300 Torr or higher, the shape of the spec- 
trum is distorted, becoming non-symmetrical, due to the 
influence of neighboring absorption lines. Further, while 

20 -the intensity of absorption is expected to be greater at a 
pressure of 500 Torr than at 300 Torr. in fact, conversely, 
it is smaller. At pressures of 500 Torr or less, and in par- 
ticular, at pressures of 300 Ton^ or less, absorption inten- 
sity becomes sequentially smaller as the pressure 

25 becomes lower. At the same time, tiie width of the 
absorption line spectrum nan^ows. becoming a symmet- 
rical shape without distortions. From these results, it is 
dear that it is possible to improve resolution of the meas- 
urement by decreasing pressure. However, when the 

30 pressure of the sample gas is lowered to 10 Tonr or less, 
there is less reduction in the width of the absorption line 
and the height of the spectrum becomes low. Accord- 
ingly, it is not desirable to reduce pressure under 1 0 Ton-. 
From these results, it was recognized that an optimal 

35 analysis of the moisture in a gas to be measured could 
be obtained in a pi-essure range of 10 to 500 Torr. 

(Embodiment 2) 

40 The dependence on pressure of the absorption 
spectrum associated with CO2 was investigated. The 
device shown in Figure 1 was employed to measure the 
absorption spectrum for the gas to be measured, HCl 
which included CO2. Further, because the goal was to 

45 investigate the effects of pressure on the absorption 
spectrum, the oscillation wavelength of the diode laser 
was scanned at around 1 .435 fim (1435 nm), at which it 
is possible to obtain peaks originating from CO2 having 
a comparatively large absorption intensity. Moreover, the 

so oscillation wavelength of the diode laser was varied by 
varying the injection current. 

Rgure 6 shows derivative absorption spectrums 
obtained by measurements conducted witii the sample 
gas of 7.4% by weight CO2/HCI flowing when the pres- 

55 sure inside tiie sample cell was 1 0. 30. 50. 1 00. 200. 300, 
400, 500, 600, and 700 Torr respectively The oscillation 
wavelength is noted along the horizontal axis while the 
derivative value (arbitrary units) of the change in absorp- 
tion intensity is noted along the vertical axis in this graph. 
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Further, at the same time, the reference cell was filled 
with CO2 alone at 20 Ton- and measurements were car- 
ried out. In Figure 6. spectrum R for CO2 alone was 
aligned along the horizontal axis for comparison with the 
aforementioned derivative value absorption spectrums. 5 
Identification was made by recognizing the coincidence 
of the position (wavelength) of the peak obtained by 
measuring CO2 alone and the position of the peak 
obtained by measuring the gas to be measured. Addi- 
tionally, it is noted here that spectrum R which was w 
obtained by measuring CO2 alone is displayed by com- 
pressing the variation in absorption intensity and raising 
the base line. 

Further, in order to be able to easily see the overlap 
in spectrums. portions of the spectrum shown in Figure is 
6 have been enlarged and are shown in Figures 7 
through 11. Figure 7 shows the spectrum at the sample 
gas pressures from 500 to 700 Tonr. Figure 8 shows the 
spectrum at the sample gas pressure of 700 Torr. Figure 
9 shows the spectrum at the sampi e gas pressure of 600 20 
Torr. Figure 10 shows the spectrum at the sample gas 
pressure of 500 Torr. Figure 1 1 shows the spectrum at 
the sample gas pressures from 10 to 50 Torr. Figure 12 
shows the spectrum at the sample gas pressure of 10 
Torr. 25 

When carrying out determination of the impurity 
using derivative absorption peaks, the distance from the 
tip of the peak to the lowest point at the t>ottom where 
the peak begins to rise (indicated by D in Figure 8) can 
be used in the determination as the peak height (absorp- 30 
tion intensity). 

In this embodiment as shown in Figures 8 through 
10. when the pressure of the sample gas is 600 Torr and 
700 Torr respectively, the bottom of the signal is dis- 
turbed due to noise and it is not possible to perform an 35 
accurate determination. At pressures of 500 Torr or less, 
the effects of noise are absent, and the bottom of the 
signal is stable and may be used in determination. Fur- 
ther, as shown in Figures 1 1 and 12. stable peaks can 
be obtained at a 1 0 Torr or greater sample gas pressure. 40 
These may be used to carry out detennination with great 
accuracy. 

From these results, it was recognized that an optimal 
analysis of the CO2 in a gas to be measured could be 
obtained in a pressure range of 10 to 500 Torr. 45 

(Embodiment 3) 

The dependence on pressure of the absorption 
spectrum associated with CH4 was Investigated. The so 
device shown in Rgure 1 was employed to measure the 
absorption spectrum for the sample gas N2 gas contain- 
ing CH4. Further, because the goal was to investigate 
the effects of pressure on the absorption spectrum, the 
oscillation wavelength of the diode laser was scanned at ss 
around 1 .645 |im to 1 .646 \im (1 645 nm to 1 646 nm). at 
which it is possible to obtain peaks associated with CIH4 
having a comparatively large absorption intensity. More- 



over, the oscillation wavelength of the diode laser was 
varied by varying the injection current. 

Figure 13 shows derivative absorption spectrums 
obtained by measurements conducted with the sample 
gas of 7.9% by weight CH4/N2f lowing when the pressure 
Inside the sample cell was 10. 30. 50. 100. 200. 300. 400, 
500, 600, and 700 Torr respectively The oscillation 
wavelength is noted along the horizontal axis while the 
derivative value of the change in absorption intensity is 
noted along the vertical axis (arbitrary units) in this 
graph. Further, at the same time, the reference cell was 
filled with CH4 alone at 20 Torr and measurements were 
carried out. In Figure 13. spectrum R fbr CH4 alone was 
aligned along the horizontal axis fbr comparison to the 
aforementioned derivative absorption spectrums. kJenti- 
f icatlon was carried out by confirming the coincidence of 
the position (wavelength) of the peak obtained by meas- 
uring the CH4 alone and the position of the peak obtained 
by measuring the gas to be measured. Additipnally. it is 
noted here that spectrum R which was obtained by 
measuring CH4 alone is displayed by compressing vari- 
ation in absorption intensity and raising the base line. 

Further, in order to be able to easily see the overlap 
in spectrums, portions of the spectrum shown in Figure 
1 3 have been enlarged and are shown in Figures 1 4 and 
15. Figure 1 4 shows the spectrum at a sample gas pres- 
sure of 500 Ton-, while Figure 15 shows spectrum R at a 
pressure of 10 Torr. 

Because two peaks lie near each other in the deriv- 
ative absorption peaks originating from CH4 in this 
embodiment, detection of peaks is carried out in a state 
wherein the left cuffs of the peaks on the right side of the 
graph and the cuffs of the peaks on the left side of the 
graph overlap. As shown in Figures 1 4 and 1 5. when the 
pressure of the sample gas is 500 Torr. and when it is 10 
Torr, stable peaks are obtained. These may be used to 
carry out determination with great accuracy. 

From these results, it was recognized that an optimal 
analysis of CH4 in a gas to be measured can be obtained 
In a pressure range of 10 to 500 Torr. 

(Emt>odiment 4) 

Using the device shown in Figure 1 , the analysis of 
the moisture in hydrogen chloride gas, a representative 
example of the gases which are used as material In sem- 
iconductor manufacturing, was carried out. The sample 
cell was filled at 30 Ton^ with hydrogen chloride gas hav- 
ing an unknown moisture concentration, while the refer- 
ence cell was filled with a moisture alone at a pressure 
of 20 Torr. Additionally, the optical path length was 50 cm. 

By varying the temperature of the laser by the Peltier 
device from 20 to 30*C. laser light was scanned in the 
region of the wavelength from 1 .3803 to 1 .381 4 ^lm. and 
the derivative absorption spectrum was measured. As a 
result, the spectrum shown in Figure 16 was otrtained. 

In Figure 16, oscillation wavelength is shown on the 
horizontal axis, while the derivative value of the change 
in absorption intensity is noted along the vertk^al axis 
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(arbitrary units) in this graph. Further, in order to avoid 
overlap between the spectrum for the moisture only (indi- 
cated by R in the figure) and the spectrum for the sample 
gas (indicated by S in the figure), the base line for spec- 
trum S for the sample gas was lowered one scale unit. 

As shown in Figure 1 6. the spectrum for the sample 
gas could be obtained with the same resolution as that 
of the spectrum for the moisture only. Accordingly, by 
comparing the spectrum for the gas to be measured and 
the spectrum for the moisture alone, and confirming the 
plurality of afc)sorption peaks originating from water 
based on the position and intensity ratio of the peaks, 
the water can be identified with surety. Then, the strong- 
est peak which does not experience any interference 
from nearby peaks is selected from among the plurality 
of absorption peaks originating from water, and the 
determination of the water is then carried out from the 
absorption intensity of this strongest peak. 

Namely, in Figure 16, there is strong coincidence of 
four sharp peaks in both the spectrum for the moisture 
alone and the spectrum for the sample gas containing 
hydrogen chloride. Further, when the relative intensity at 
a wavelength of 1 .3806 ^m is set to 1 , then the intensities 
at wavelengths of 1 .38076 jtm and 1 .381 13 \im for the 
case of the moisture only are. respectively. 0.73 and 
0.285. The same values hold in the case of the sample 
gas as well. By comparing the values of relative intensi- 
ties of absorption peaks in this way and confirming that 
the values are the same, it can be determined that the 
moisture content in the sample gas is responsible for the 
four peaks in the sample gas, making it possible to can-y 
out the identification of the moisture content accurately. 

Additionally, it is noted here that there are no absorp- 
tion peaks for hydrogen chloride in the region of wave- 
length employed here, and no peaks other than the 
aforementioned four peaks can be observed in the sam- 
ple gas spectrum. For this reason, then, it can be deter- 
mined that no impurity other than the water is detected 
in this wavelength region. 

Determination of the moisture content Is carried out 
by selecting from among the above four identified peaks, 
the strongest peak P with no nearby interfering peaks. It 
can be recognized here that the intensity ratio between 
strong peak P and the other peaks coincide well between 
the spectrum for the moisture alone and the spectrum 
for the sample gas. Accordingly, peak P is a peak arising 
from the moisture content alone and is judged not to be 
experiencing interference from unknown peaks. Peak P, 
then, can be used to carry out determination of the mois- 
ture content with surety. 

A calibration curve (not noted) is formed in advance 
showing the relationship between the concentration of 
the moisture content and the peak intensity based on this 
strongest peak P. Using this calibration curve, the mois- 
ture content in the sample gas is obtained from the 
strongest peak P in the spectrum of the sample gas. 



(Embodiment 5) 

Using the device shown in Rgure 1, the analysis of 
CO2 in hydrogen chloride gas was carried out. The sam- 
5 pie cell was filled at 1 00 Torr with hydrogen chloride gas 
containing CO2 in the amount of 7.4 wt %, while the ref- 
erence cell was filled with CO2 atone at a pressure of 20 
Torr. 

By varying the temperature of the laser by the Peltier 
10 device, laser light was scanned in the region of the wave- 
length from 1 .4340 to 1 .4358 fim (1 434.0 to 1 435.8 nm). 
and the derivative value absorption spectrum was meas- 
ured. As a result, the spectrum shown In Figure 17 was 
otitained. 

15 In Figure 1 7. oscillation wavelength is shown on the 
horizontal axis, while the derivative value of the change 
in absorption intensity is noted along the vertical axis 
(arbitrary units) in this graph. Further, in order to avoid 
overlap between the spectrum for the CO2 by itself Ondi- 

20 -cated by R in the figure) and the spectrum for the sample 
gas (indicated by S in the figure), the base line for spec- 
trum R for the CO2 alone was raised. 

As shown in Figure 1 7, the spectrum S for the sam- 
ple gas could be obtained with the same resolution as 

25 that of the spectrum R for the CO2 alone. Accordingly, by 
comparing the spectrum of the sample gas and the spec^ 
trum of the CO2 alone, and confirming the plurality of 
absorption peaks associated with CO2 based on peak 
position and relative intensity values, the CO2 can be 

30 identified with certainty. 

Further, when the concentration of CO2 is unknown, 
the strongest peak which does not experience any inter- 
ference from nearby peaks is selected from among the 
plurality of absorption peaks associated with CO2, and 

35 the determination of the CO2 is then carried out in the 
same manner as in the above Emljodiment 4. In this 
emtxxJiment. the peak obtained at a wavelength of 
1.3457 p.m is desirably used in the determination proc- 
ess since it shows strong at>sorption intensity. 

40 

(Embodiment 6) 

Using the device shown in Rgure 1 . the analysis of 

CX:)2in nitrogen gas was carried out. The sample cell was 
45 filled at 1 00 Torr with nitrogen gas containing CO2 in the 

amount of 7.4% by weight, while the reference ceil was 

filled with CO2 alone at a pressure of 20 Torr. 

By varying the temperature of the laser by the Peltier 

device, laser light was scanned in the region of the wave- 
50 length from 1 .4340 to 1 .4358 jim (1 434.0 to 1 435.8 nm), 

and the derivative absorption spectrum was measured. 

As a result, the spectrum shown in Figure 18 was 

obtained. 

In Figure 18, oscillation wavelength is shown on the 
55 horizontal axis, while the derivative value of the change 
in absorption intensity is noted along the vertical axis 
(arbitrary units) in this graph. Further, in order to avoid 
overlap between the spectrum for the CO2 alone (indi- 
cated by R in the figure) and the spectrum for the sample 
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gas (Indicated by S in the figure), the base line for spec- 
trum R for the CO2 aione was raised. 

As shown in Figure 1 8. the spectrum S for the sam- 
ple gas could be obtained with the same resolution as 
that of the spectrum R foi- the CO2 alone. Accordingly, by 
comparing the spectrum for the sample gas and the 
spectrum for the CO2 alone, and confirming the plurality 
of absorption peaks associated with CO2 based on peak 
position and relative intensity values, the CO2 can be 
identified with certainty. 

Further, when the concentration of CO2 is unknown, 
the strongest peak which does not experience any inter- 
ference from nearby peaks is selected from among the 
plurality of absorption peaks associated with CO2, and 
the determination of CO2 is then carried out in the same 
manner as in the above Embodiment 4. In this embodi- 
ment, the peak obtained at a wavelength of 1.3453 ^m 
is desirably used in the determination process since it 
shows strong absorption intensity. 

(Embodiment 7) 

The sample cell was filled at 30 Torr with SiKU. and 
measurement was carried out in the same way as in the 
above embodiment 4. The derivative absorption spec- 
trum obtained is shown in Figure 19'. A plurality of sharp 
peaks originating from SihU in the wavelength range of 
1 .3804 to 1 .381 4 ^m can be observed. H was determined 
that these could be used to carry out the identification 
and determination of SiH4 in the same manner as per- 
formed above for the cases of H2O and CO2. 

(Embodiments) 

Using the device shown in Rgure 1 . infrared spec- 
troscopic analysis of a sample gas in which clusters had 
formed was performed. 

Variation in the shift amount of the absorption peak 
wavelength was investigated by changing the output 
power of the diode laser and the pressure of the sample 
gas. 

Hydrogen chloride gas containing moisture in the 
amount of 70 ppm was used as the sample gas. From 
among the absorption peaks by irradiating the sample 
gas with laser light, the absorption peak arising from the 
moisture component and having a standard position at 
wavelength of 1 .38075 \im was investigated. Because 
the photon energy of the light of wavelength of 1.38075 
urn was, at approximately 0.9 eV. larger than 0.5 eV. it 
was not necessary to provide irradiation light for cluster 
dissociation in addition to the irradiation light for spectral 
analysis. 

The oscillation wavelength was scanned by fixing 
the output of the diode laser and varying the temperature 
of the diode laser. Measurements were then conducted 
to determine where the peak having a standard position 
at a wavelength of 1 .38075 ftm from among the four 
peaks associated with H2Q shown in Figure 2 was 
obtained under the at>ove-described conditions. That is 



to say, measurements were made to determine how far 
the peak had shifted from 1.38075 ^m. Measurements 
were carried out with the sample gas under pressures of 
50 Torr. 100 Torr and 200 Torr. respectively. 

5 Additionally, it is noted here that the power (output) 
of the diode laser was set to three levels of 0.7 mW, 1 .3 
mW and 2.05 mW. 

Methods which may be used here for lowering the 
pressure of the sanple gas include a method for control- 

10 ling the quantity of gas flow at the sample cell 3 entrance 
through which the sample gas is introduced, or a method 
for controlling the exhaust amount at the cell exit by fixing 
the gas flow at the sample cell 3 entrance. Thus, as a 
result, the pressure in the cell is controlled and main- 

15 tained as the sample gas flows into sanrple cell 3. It is 
noted here that measurement is carried out at room tem- 
perature. - — 

TTie results are shown in Figure 20. The power of 
the diode laser is displayed on the horizontal axis, while 

20 the amount of wavelength shift of the peaks for which 
1.38075 iim is the standard are respectively shown on 
the vertical axis. In Figure 20. a indicates a sample gas 
pressure of 50 Torr. b indk:ates a sample gas pressure 
of 100 Torr, and c indicates a sample gas pressure of 

25 200 Torr. 

As shown in Figure 20. when the pressure of the 
sample gas is 50 Torr the wavelength does not shift even 
if the laser power varies. However, when the pressure is 
100 Torr, the laser power is low and the wavelength shift 

30 is large. Further, when the pressure is 200 Ton*, wave- 
length shifts occur across the entire measurement 
range, with the amount of shift as large as that which 
occurs when the laser power is kiw. 

Further, measurements were carried out in the same 

35 way on the three peaks caused by H2O other than the 
peak having as a wavelength of 1 ,38075 fim as it stand- 
ard position. The irradiation density of the irradiation light 
and the number of molecules in the sample gas was cal- 
culated. The relationship between these values and 

40 wavelength shift is shown in Figure 21 . In Rgure 21 , the 
photon flux density Dp (number of photons/seccmz) of 
the light from the laser is shown on the horizontal axis, 
while the number of molecules N in the sample gas is 
shown on the vertical axis. The symbol "O" irKlicates 

45 the case where none of the four peaks shown in Figure 
21 shifted; the symbol "a" indicates the case where a 
shift could be determined for one of the four peaks shown 
in Rgure 21; and the symbol VX* indfoates the case 
where a shift could be determined for two or more of the 

so four peaks shown in Figure 21 . 

From the results shown in Figure 21, it was deter- 
mined that wavelength shifts do not occur in the region 
wherein D p & . 

Additionally, it is noted that tiie photon flux density 

55 Dp Of the laser light irradiating tiie sample gas is calcu- 
lated from the laser light intensity introduced to the sam- 
ple cell and the laser beam diameter (2 mm). 

Furthermore, regarding the number of molecules N 
in the sample gas which was irradiated by the laser light. 
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because the average speed of the sample gas molecules 
in sample cell 3 at room temperature {25*'C) is more than 
six orders of magnitude slower than the speed of light, 
the density of molecules N present in volume V (cell 
length: 50 cm; beam diameter: 2 mm) through which the 
laser light passes is calculated from gas state equation 
PV = nRT (where pressure, P = 50 Torr. 100 Ton- and 
200 Torr; temperature. T = 25*'C; and R is a constant). 

By irradiating with light in which the photon energy 
is 0.5 eV or greater so as to satisfy D p g N/2 . the pos* 
sibility of a shift in the absorption peak wavelength can 
be eliminated. As a result it is possit>le to stabilize and 
carry out an accurate analysis. 

Industrial Field of Application 

Accordingly to_the present invention as described 
above, a determinative analysis of trace amounts of an 
impurity in a gas to be measured can be carried but with 
—high sensitivity and high accuracy using infrared spec- 
troscopic analysis. 

The present invention can be optimally used in the 
analysis of a variety of impurities in a gas. However, by 
can-ying measurement out on the premises, the present 
invention is particularly applicable to the rapid and con- 
venient analysis by the in-situ measurement of trace 
amounts of an impurity present in gases used as mate- 
rials for semiconductor manufacturing for which an accu- 
rate analysis has conventionally been very difficult, and 
to the obtaining of highly reliable data. 

Claims 

1. An infrared specb^oscopic analysis metiiod for 
gases, the method for analyzing an impurity in a gas 
to be measured by measuring absorption intensity 
by passing light in the infrared region through the 
gas to be measured, the method characterized in 
that the gas to be measured is analyzed in a low 
pressure state. 

2. An infrared spectroscopic analysis method for gases 
according to claim 1 characterized in that the pres- 
sure of the gas to be measured is 10 to 500 Torr. 

3. An infrared spectroscopic analysis method for gases 
according to claim 1 characterized in that the gas to 
be measured is at least one selected from the group 
consisting of nitrogen, oxygen, argon, helium, car- 
bon dioxide, silane. phosphene, arsine. trichlorosi- 
lane. hydrogen chloride and organometailic 
compounds, and the impurity is one selected from 
the group consisting of water. cartx)n dioxide, car- 
bon monoxide, hydrogen fluoride, hydrogen chlo- 
ride, hydrogen bromide, hydrogen iodide, 
monosilane, methane and compounds have an OH 
group. 



4. An infrared spectroscopic analysis method for gases 
according to claim 1 characterized in that the 
absorption spectrum is measured by scanning tiie 
wavelength of the light to be passed through the gas 

5 to be measured in the range from 1 .1 9 to 2.00 ^m. 

5. An infrared spectroscopic analysis method for gases 
according to claim 4 characterized in that the impu- 
rity is water and the wavelength of tiie light to be 

10 passed through the gas to be measured is scanned 
in the region from 1 .35 to 1 .42 fim. 

6. An Infrared spectroscopic analysis method for gases 
according to claim 4 characterized in that the impu- 

. 15 rity is carbon dioxide and the wavelength of the light 
to be passed through the gas to be measured is 
scanned in the region from 1 .43 to 1 .46 jim. 

7. An infrared spectroscopic analysis method for gases 
20 - according to claim 4 characterized in that the impu- 
rity is methane and the wavelength of the light to be 
passed through the gas to be measured is scanned 
in the region from 1 .29 to 1 .50 |im. 

25 8. An infrared spectroscopic analysis method for gases 
according to claim 4 characterized in that the inpu- 
rity is monosilane and the wavelength of the light to 
k>e passed through the gas to be measured is 
scanned in the region from 1 .19 to 2.00 ftm. 

30 

9. An infrared spectroscopic analysis method for gases 
according to claim 4 characterized in tiiat the impu- 
rity is hydrogen fluoride and the wavelength of the 
light to be passed tiirough the gas to be measured 

35 is scanned in the region from 1 .25 to 1 .35 (tm. 

10. An infrared spectroscopic analysis method for gases 
according to claim 4 characterized in that the impu- 
rity is hydrogen bromide and the wavelength of the 

40 light to be passed through the gas to be measured 
is scanned in the region from 1 .34 to 1 .37 ym. 

11 . An infrared spectroscopic analysis method for gases 
according to claim 4 characterized in that the impu- 

45 rity is corrpound having an -OH group and the wave- 
length of the light to be passed through the gas to 
be measured is scanned in the region from 1 .40 to 
1.45 itm. 

so 12. An infrared spectroscopic analysis method for gases 
according to claim 1 characterized in that identifica- 
tion of the impurity is carried out by measuring the 
absorption spectrum for the gas to be measured and 
the absorption spectrum for the impurity alone by 

55 scanning the wavelength of light to be passed 
through the gas to be measured, comparing the 
absorption spectrum for the gas to be measured and 
tiie absorption spectrum for the impurity alone and 
confirming the presence of a plurality of absorption 
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peaks associated with the impurity, and determina- 
tion of the impurity is carried out by selecting from 
this plurality of peaks the strongest peak not expe- 
riencing interference from nearby peaks and deter- 
mining the impurity from the absorption Intensity of s 
the strongest peak. 

1 3. An infrared spectroscopic analysis method for gases 
according to claim 12 characterized in that an 
absorption spectrum is measured by passing light io 
through the gas to be measured, while at the same 
time in a separate process, an absorption spectrum 

is measured by passing light of the same wavelength 
through the inpurity atone. 

IS 

1 4. An infrared spectroscopic analysis method for gases 
according to claim 12 characterized in that a deriv- 
ative absorption peak obtained by detecting the 
derivative of the change in absorption intensity is 
used as the absorption peak 20 

1 5. An infrared spectroscopic analysis method for gases 
according to daim 12 characterized In that the impu- 
rity is identified using the relative intensities of a plu- 
rality of absorption peaks. 2S 

1 6. An infrared spectroscopic analysis method for gases 
according to claim 1 characterized in that analysis 
is carried out in the condition that clusters are dis- 
sociated clusters formed by molecules of the impu- 30 
rity In the gas to be measured. 

17. An infrared spectroscopic analysis method for gas 
according to claim 1 characterized in that analysis 

is carried out while irradiating the gas to be meas- 35 
ured with light having a photon energy of 0.5 eV or 
greater. 

1 8. An infrared spectroscopic analysis method for gases 
according to claim 1 7 characterized in that the equa- 40 
tlon Dp & N/2 is satisfied wherein Dp (photon 
number/sec-cm2) is photon flux density with respect 

to the gas to be measured of the aforementioned 
light having a photon energy of 0.5 eV or greater, 
and N is the density of gas molecules in the gas to 45 
be measured. 

19. An infrared spectroscopic analysis device wherein 
the device is one which is provided with a wave- 
length variable semiconductor laser that oscillates so 
infrared region light a means for passing light oscil- 
lated from the laser through the gas to be measured, 
arKJ a means for measuring the intensity of the laser 
light which has passed through the gas to be meas- 
ured, the device using infrared spectroscopy to ana- ss 
tyze ah impurity in the gas to be measured, and 
being characterized by the provision of a means for 
lowering the pressure of the gas to be measured. 



20. An infrared spectroscopic analysis device according 
to claim 19 characterized in the provision of a means 
for branching the light oscillated from the semicon- 
ductor laser and passing one portion of the 
branched light through the gas to be measured while 
passing the other portion of the branched light 
through the gaseous impurity alone, and a means 
for respectively measuring the absorption spectrum 
of the light passed through the gas to be measured 
and the absorption spectrum of the light which 
passed through the gaseous impurity alone. 

21 . An infrared spectroscopic analysis device according 
to claim 20 characterized in the provision of a means 
for measuring a derivative value absorption spec- 
trum as the absorption spectrum by detecting the 
derivative of the change in absorption intensity 

22. An infrared spectroscopic analysis device according 
to claim 20 characterized in the provision of a means 
for comparing the absorption spectrum of the light 
which passed through the gas to be measured and 
the absorption spectrum for light which passed 
through the gaseous impurity alone, recognizing 
from among the absorption peaks of the ak»sorption 
spectrum of the light which passed through the gas 
to be measured the absorption peak for which the 
at^sorption wavelength coincides with the at>sorp- 
tion peak of the absorption spectrum for the light 
which passed through the gaseous impurity alone, 
and detecting the absorption intensity of this absorp- 
tion peak. 

23. An infrared spectroscopic analysis device according 
to claim 19 characterized in the provision of a means 
for irradiating the gas to be measured with light hav- 
ing a photon energy of 0.5 eV or greater. 

Amended claims 

1. An infrared spectroscopic analysis method for 
gases, the method for analyzing an impurity in a gas 
to t>e measured by measuring absorption intensity 
by passing light in the infrared region through the 
gas to be measured, the method characterized in 
that the gas to be measured is analyzed in a low 
pressure state, and in that analysis is carried out in 
the condition that clusters are dissociated clusters 
formed by molecules of the innpurity of the gas to be 
measured. 

2. An infrared spectroscopic analysis method for gas 
according to claim 1 characterized in that analysis 
is canled out while irradiating the gas to be meas- 
ured with light having a photon energy of 0.5 eV or 
greater. 

3. An infrared spectroscopic analysis method for gases 
according to claim 2 characterized in that the equa- 
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tion Dp ^ N/2 IS satisfied wherein Dp (photon 
nurnber/sec-cm2) is photon flux density with respect 
to the gas to be measured of the aforementioned 
light having a photon energy of 0.5 eV or greater, 
and N is the density of gas molecules in the gas to s 
be measured. 

4. An infrared spectroscopic analysis method for gases 
according to claim 1 characterized in that the pres- 
sure of the gas to be measured is from lOtoSOOTorr io 

5. An infrared spectroscopic analysis method for gases 
according to daim 1 characterized in that identifica- 
tion of the impurity is carried out by measuring the 
at>sorption spectrum for the gas to be measured and is 
the absorption spectrum for the impurity alone by 

... _ _scanning_the wavelength of light to be passed 
through the gas to be measured, connparing the 
absorption spectrum for the gas to be measui'ed and 

— the absorption spectrum for the impurity alone and so 
confirming the presence of a plurality of absorption 
peaks associated with the impurity, and determina- 
tion of the impurity is carried out by selecting from 
this plurality of peaks the strongest peak not expe- 
riencing interference from nearby peaks and deter- 2S 
mining the impurity from the absorption intensity of 
the strongest peak. 

6. An infrared spectroscopic analysis method for gases 
according to daim 5 characterized in that an absorp- 3o 
tion spectrum is measured by passing light through 
the gas to be measured, while at the same time in a 
separate process, an absorption spectrum is meas- 
ured by passing light of the same wavelength 
through the impurity alone. 35 



1 0. An infrared spectroscopic analysis method for gases 
according to daim 1 characterized in that the 
absorption spectrum is measured by scanning the 
wavelength of the light to be passed through the gas 
to be measured in the range from 1 . 1 9 to 2.00 ^n^ 

1 1 . An infrared spectroscopic analysis method for gases 
according to claim 1 0 characterized in that the impu- 
rity is water and the wavelength of the light to be 
passed through the gas to be measured is scanned 
in the region from 1 .35 to 1 .42 jim. 

1 2. An infrared spectroscopic analysis method for gases 
according to claim 1 0 characterized in that the impu- 
rity is cartx>n dioxide and the wavelength of the light 
to be passed through the gas to be measured is 
scanned in the region from 1 .43 to 1 .46 |iim. 

1 3. An infrared spectroscopic analysis method for gases 
- according to claim 1 0 characterized in that the impu- 
rity is methane and the wavelength of the light to be 
passed through the gas to be measured is scanned 
in the region from 1 .29 to 1 .50 ^m. 

1 4. An infrared spectroscopic analysis method for gases, 
according to claim 1 0 characterized in that the impu- 
rity is monosilane and the wavelength of the light to 
be passed through the gas to be measured is 
scanned in the regbn from 1 .1 9 to 2.00 Rm. 

1 5. An infrared spectroscopic analysis method for gases 
according to claim 1 0 characterized in that the impu- 
rity is hydrogen fluoride and the wavelength of the 
light to be passed through the gas to be measured 
is scanned in the region from 1 .25 to 1 .35 ]im. 



7. An infrared spectroscopic analysis method for gases 
according to daim 5 characterized in that a deriva- 
tive absorption peak ofc}tained by detecting the deriv- 
ative of the change in absorption intensity is used as 40 
the absorption peak. 

8. An infrared spectroscopic analysis method for gases 
according to claim 5 characterized in that the impu- 
rity is klentif ied using the relative intensities of a plu- 4S 
rality of absorption peaks. 

9. An infrared spectroscopic analysis method for gases 
according to claim 1 characterized in that the gas to 

t>e measured is at least one selected from the group so 
consisting of nitrogen, oxygen, argon, helium, car- 
bon dioxide, silane, phosphene. arsine. trichlorosi- 
lane. hydrogen chloride and organometallic 
compounds, and the impurity is one selected from 
the group consisting of water. cariDon dioxide, car- ss 
bon monoxide, hydrogen fluoride, hydrogen chlo- 
ride, hydrogen bromide, hydrogen iodide, 
monosilane, methane and compounds have an -OH 
group. 



1 6. An infrared spectroscopic analysis method for gases 
according to claim 1 0 characterized in that the impu- 
rity is hydrogen bromide arKi the wavelength of the 
light to be passed through the gas to be measured 
is scanned in the region from 1 .34 to 1.37 fim. 

17. An infrared spectroscopic analysis method for gases 
according to claim 10 characterized in that the impu- 
rity is compound having and -OH group and the 
wavelength of the light to be passed through the gas 
to be measured is scanned in the region from 1 .40 
to1.45}im. 

18. An infrared spectroscopic analysis wherein the 
device is one which is provided with a wavelength 
tunak^le diode laser that osdilates infrared region 
light, a means for passing light oscillated from the 
laser through the gas to be measured, and a means 
lor measuring the Intensity of the laser light which 
has passed through the gas to be measured, the 
device using infrared spectroscopy to analyze an 
impurity in the gas to be measured, and being char- 
acterized by the provision of a means for lowering 
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the pressure of the gas to be measured, and a 
means for irradiating the gas to be measured with 
light having a photon energy of 0.5 eV or greater. 

1 9. An infrared spectroscopic analysis device according 5 
to claim 1 8 characterized in the provision of a means 
for branching the light oscillated from the diode laser 
and passing one portion of the branched light 
through the gas to be measured while passing the 
other portion of the branched light through the gas- io 
eous impurity atone, and a means for respectively 
measuring the absorption spectrum of the light 
passed through the gas to be measured and the 
absorption spectrum of the light which passed 
through the gaseous impurity alone. is 

20r An infrared spectroscopic analysis device according 
to claim 1 9 characterized in the provision of a means 
for measuring a derivative absorption spectrum as 
the absorption spectrum by detecting the derivative 20 
of the change in absorption intensity. 

21 . An infrared spectroscopic analysis device according 
to claim 1 9 characterized in the provision of a means 
for comparing the absorption spectrum of the light 2S 
which passed through the gas to be measured and 
the absorption spectrum for light which passed 
through the gaseous inpurity alone, recognizing 
from among the absorption peaks of the absorption 
spectrum of the light which passed through the gas 30 
to be measured the absorption peak for which the 
atssorption wavelength coincides with the absorp- 
tion peak of the absorption-spectrum for the light 
which passed through the gaseous impurity alone, 
and detecting the absorption intensity of this absorp- 35 
tionpeak. 
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